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SUMHAET ; . 

The characteristics of partial— span spoilers located at 
0.75 of the chord on an NACA 66— series tapered wing, ' part icn— 
lerly at high speeds, were investigated. The effect of small 
spoiler projections was found- to increase with an increase in 
speed until the critical Mach number was exceeded. The data 
indicato that a spoilor having a small projection in front of 
an aileron provides a considerable increase, in control, espe- 
cially at high speeds. A spoiler projecting from the upper 
wing surface producod no adverse effects on the aileron. 
However, spoilers- projecting from both upper and lower .sur- 
faces, which were investigated as a possible control. for tail- 
less airplanes, produced serious buffeting and reversal of the 
hinge momonts of the fiiloron. 

iNTHODUCTI ON 

Previous tests (reference 1) showed that a spoiler in 
front of a conventional aileron will inc.rease the rolling mo- 
ment as well as decrease the stick force. At high speeds, 
even a small projection of the spoiler produced a lar.ge in— ■ 
crease in the lateral— control eff ectiveness. In'reference 1 
it was e].so suggested that a spot lor,' could bo used in front 
of the elevator of ! a conventional tail plane- for additional 
control at high speeds. The possibility of using spoilers 
for'tho diroctional or longitudinal control of tailless air— 
pianos was also noted. 

The prosont lnvostlgat ion was made to provide further in- 
formation on the effect of a spoiler, especially at high 
speeds. Smaller and larger spoilers wore tested over an ex- 
tended spood range. In addition, spoilers projecting simul- 
taneously on the upper and lower surfaces were investigated,. 
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APPARATUS- AND METHOD ' 


The model tested was a B'omiapnn low— drag { NACA 66- 
series) tapered wing (fig. 1(a)), It was mounted in the 
16— foot wind tunnel of the Ames , Aeronaut ical Laboratory, as.,, 
shown i:i figure 2, This model ; was one used tojr the tests 
reported in reference 1 except that the aileron nose balance 
was 0.45 of .the aileron chord. (fig. 1(b)) and -most of the 
spoiler datd, were obtained with the ailoron unsealed, 1 

.The spoilers extended along the 0. 76— chord line of the 
wing surfaces and projected normal to the surfaces directly 
in front of the aileron (fig. 1(a)). The span .was the sahie 
as that of the aileron, 6.41 of the wing. semispan, and the . . 

inboard ends of both the spoiler • And ' aildron were at 0,5 of 
the wing seraispan.' The spoiler projections ranged, from 0.005 * 

to 0..08 of the local wing chord (c). All. the spoilers had 
Biaoc'th piano surfaces except the 0.04c slotted spoiler which 
had l/4-inch— wide slots spaced l/2 inch center to center 
(fig. 1(b)). 

The spoiler tests were made with the wing surfaces smooth 
and with the aileron unsealed. Since the gap at- the leading 
edge of the aileron balance was large relative to the cover'' 
plate gap (fig. 1(b)), the unsealed ailoron should have' the 
characteristics of a plain unbalanced aileron. In order to 
determine tho effect of a complete" aileron seal, however, 
additional tests were made with- the 0,02c spoiler wherein the 
noso and both ends of the aileron balance we.ro sealed with 
thin shoot rubber. The effect of roughness on the action of 
the 0.02c spoiler was investigated by applying a S/S^inch— 
wide strip of' No, 60 carborundum particles at the ; 0. 10v-wing— 
chord line along the entire span of the upper ' and lower sur- 
faces. 


Tho relative amount of aileron buffeting was determined 
in each case by observing tho hinge— moment indicator. A? a 
check on this observation, several tests were made restrain- 
ing tho r-.iloron by hand only. 

Tho tests were mado through a Mach number range of 0,188 
to 0.75 with a corresponding Reynolds number range of 5,000,000 
to 13,800,000 based on the mean aerodynamic chord of 3.84 feet. 
Tho relation between the Reynolds number and the Mach number 
for these tests is shown in figure 3. 
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SYMBOLS * - • 

The symbols used In the present at ion o-f • the -re 6Ul‘t s 
ure defined as follows: 


M 

q 


C l 

Cn 


Gh 


c 


b 

S 

L 1 


N 1 


K 1 


Mach number baaed on tunnel— ,ompty calibration 

dynamic proseure of the a.ir stream based on 1 the' tunnel 
empty calibration (^pY a ) 

: . N? . * 1 ✓ ■ 

rolling— moment Coefficient (L‘/qbB) 


yawing-momont coefficient . (N'/qbS) 

/ li | 

pit ching— momont coefficient ( — — 

W(H,A.C.) 

drag coefficient (D/q'S) 
lift coefficient (L/qS) 
aileron hinge— moment coefficient (H/qb a c a a ) 
wing chord,- feet 1 . 

ailoren chord measured along airfoil chord line from 
, hinge axis of aileron to trailing odge, feet 



root— mean— square chord of the aileron, feot 

■twice span of the -semispan model, feet 

V 

. , • i ■ - 

aileron span, feet 

twice aroa.-of s'.emi span -model', square feet 

i . ■ ' m ... . ■ .■ : 

unc.orrocted .rolling moment’, due to aileron and/qr 
spoiler, about wind 'axis 'in plane of symmetry (at 
the wind-; tunnel we'll) , f'q'ot—ppuhds ■ 

- • : i i 

uncorrocted yawing mo-inent , duo to aileron, and/or 

.spoiler, p.bout • wind axis) in plane of symmetry (at’’ 
the wind— tunhel Wall), foot-pounds - ■ <- • 

twice uncorrected pi tching - moment (about ^o.of M.A.C.) 
of somis-pan model and qtrjut, foot— pound-d 
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D 

twice uncorrected 
pounds 

drag 

of 

semispan 

model 

and 

strut , 

L 

twice unporrected 
pounds 

lift 

of 

semispan 

model 

and 

strut , 


H aileron, moment about hinge axis, foot-pounds 
a uncorrected angle of attack, degrees 

6 aileron deflection relative to wing, degroos (deflection 
positive when trailing edge is down) 

RESULTS AND DISCUSSION 


The data prosentod (figs. 4 to 24 are based on the com- 
plete wing dimensions given in figure 1(a)). None of the data 
are corrected for strut or tunnel— wall effects. All the data 
except thoso presented in figure 16 are based on the assump- 
tion that only the left aileron was deflected and the spoiler, 
when present, was on the left wihg only. The data presented 
in figure 16 are based on the assumption that the spoilers 
are simultaneously projected on the upper surfaces of both 
wing tips. The pitching-moment coefficient is based on the 
moan aerodynamic chord (3.84 ft) and on the pitching ■ moment 
about the one— quarter— chord point of the mean aerodynamic 
chord. 

For tho angle— of— attack range of 0° to 4° nnd with small 
spoiler projections the critical Mach number varied from 0.68 
to 0.G3. Figures 4 -to 8 show that,, in general, the effects 
of small spoiler projections became a maximum n't a Mach number 
slightly greater than the critical Mach number, and then de- 
creased rapidly as tho Mach number was further increased, 
Thorcforo, it may be necessary to use larger spoiler projec- 
tions at Mach numbers greater than tho critical, since the 
largo projections are relatively more effective at a Mach 
number of 0.75. However, figures 9, 11, and 13 ohow that 
spoiler projections loss than 0.02c are proportionally more 
effective than larger ones in affecting the rolling— moment , 
pitching— moment , and lift coefficients, for Mach numbers less 
than 0.75. .Figures 14 and 16(a) indicate, that the spoiler 
could bo used for additional lateral 'co.ntrol during landing 
since it is effective even at tho angle of stall. Figure 16 
shows that the eff ectiveijess of the spoiler on the upper sur- 
face decreased with angle of attack, and therefore the lift— 
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curve slope was •increased "by the spoiler, Figures 17 and 1;} 
show "how -much irtid spoiler increased ' llhe rolling moment and 
at the'' same time "decreased -the aileron hinge moment.-- 

* ■ . .» • • 

■ Figure '19 shows the effect on the .aileron hinge _ moment 
of 0, 01c ■ spoilers projected on the uppotf and lower surfaces 
s lmul't ano oils ly » The reversal in the aileron hinge . moment 
■became oxcesWive for larger spoiler projections. Also, the 
use of- ‘ both' ’upper— surf ace and lower— surf ace spoilers -in 
front of the ailerons produced buffeting which became violent 
as the Mach numbor increased above 0,5. However, the 0,02c 
spoiler on the upper "surface alono produced no more qhaking 
of the aileron than wad present with no spoiler, C.onsequent— 
ly, in front of a h'lngod flap a spoiler projecting- from only 
one surface at a time should be used*. Spoilers on both sur- 
faces may provide control f.or a tailless airplane. However, 
it does not seem possible to sufficiently isolate the desir-ed 
effect. For example-, figures 6 and 8 show that an increaso 
in lift would be accompanied by a negative pitching moment 
while a positive pitching moment would be accompanied • by a 
decreaso in lift, thoreby making a pull-out from a dive very 
difficult. 

Figures 4, 6, and 8 show that the slots in the 0.04c 
spoilor decreased its effect on the rolling moment, pitching 
moment, and lift so that it became approximately equivalent 
to a 0,02c unslotted spoiler. Figure 19 shows that the slots 
reduced the effect of the 0.04c spoiler in decreasing the 
aileron hinge moment to that of a 0.005c unciottcd spoiler. 
Also, ■ the' slots produced a slight buffoting of the aileron, 

Figilrcs 20 and 21 show that the complete aileron seal 
had only a slight effect on the chango in rolling moment 
produced by the 0,02c. spoiler. Tho effect of ; the seal on 
the hinge moment, however, seems to bn beneficial air, the 
-higher speeds. 

Figures 22 and 23 tfhov' that, in general, the roughness 
at 0.10c docroqses the. effect of the 0.02c spoiler as would 
be expected. However, the cha'qge is surpr is ingly small In 
view of the- rearward locjatiorn (0.75 <j) of the spoiler. 

■ j 

The data show that fox a Mach number range of 0.3 to 
0.7, wherein tho'. Reynolds number varied from. 7 , 700, 000 to 
13,800,000,- the 0.05 spoilep was at least half as effective 
as a 0.01c Spoiler. Figure 19(.b) shows- that the hlngo moment 
of the aileron varied uniformly with aileron deflection 
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when the spoilor! projection was 0.05c. -.The effectiveness 
of the small spoiler projections in. these teats' mnybo 
attributed to the -iargo Reynolds’ numbers and low airstroam 
turbulence. Previous tests (reference 2) of conventional 
wing sections at a Maqh- number of 0.05 and a Reynolds number 
of only 2,000,000 with a relatively high air— stream turbu- 
lence indicated . that spoiler projections of 0,01c or less 
. havo no effect on the rolling moment. Pigure 24 shows that 
the rolling moment due to the 0.005c spoiler decreased when 
the Reynolds number became less than. 7 , 700, 000. figures 14 
.and 15 dhow that at a Roynolds number of 5,000,000 the 0.05c 
spoiler produced very- little rolling moment, but the -yawing 
moment it produced -was still approximately half that for a 
0,10c spoiler. Under flight conditions where the air— stream 
turbulence is low, at least for wing tips and tail surfaces 
out of the 8lip8.tream i the' offsets of the small spoiler pro- 
jection should be. similar to those presented in this report 
. if the surfaces are fairly smooth, 

* i 

It should' be noted that the Reynolds number and Mach 
number 'were varied simultaneously, and,'. therefore, the ef— 

. fects of independently varying the Reynolds number or the 
Mach number cannot be precisely determined from these data. 


R3C0MMEHDATI0HS 


Spoilers alone can provide sufficient lateral control 
so that they could replace conventional ailerons. However, 
a time— motion study would have to bo made in- order to deter- 
mine the suitability of this, type of spoilor for lateral 
control. 

Spoilers projecting from both uppor and lower surfaces 
may provide control for tailless airplanes, but a time— motion 
study and a further investigation of the buffeting of this 
arrangement would be necessary. 

Perhaps the best possibility lies in using a small 
spoiler projection in front of a hinged flap. The time lag 
and buffeting of this combination should bo negligible. It 
would probably bo best to Belect the size of the hinged flap 
so that* only spoiler projections less than 0.02c would be 
required since the smaller spoiler projections are propor— ’ 
tionately more effective, at loast for speeds not exceeding 
the critical Mach number. However, an arrangoment Bhould be 



NACA AGE No 


6D38 


7 


provided so that largor spoiler projections could he used 
for speeds groator than the critical Mach number. 

Amos Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 

Moffett Field, Calif , , 
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Fig. 2 



Figure 2.- Tapered wing model mounted in the AAL l6-foot 
wind tunnel. Spoiler and aileron test. 
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